This study describes a learner corpus that includes linguistic data produced by learners of English as a foreign language (EFL learners) with respect to pronunciation, writing, listening, and reading. Among these four types of linguistic data, reading data were used in the development of a formula for predicting the readability of sentences for EFL learners. The experimental results demonstrated that the developed readability formula was approximately 65% effective in predicting readability assessments by EFL learners.
Introduction
Learner corpora are useful resources for examining how learners of a foreign language use the target language. Research using learner corpora has clarified various linguistic properties of learners, including vocabulary and grammatical constructions that are used frequently and infrequently by learners (Tono, 2009 , among others) and errors commonly made by learners (Izumi, Uchimoto, & Isahara, 2004, among others) .
As learner corpora including data produced by learners in speaking or writing have made a substantial contribution to research on foreign language learning, it is expected that learner corpora could be used to examine language use by learners not only in speaking and writing but also in listening and reading. Thus, the present study developed a learner corpus that included data on language use by learners with respect to pronunciation, writing, listening, and reading. The target learners of this study were learners of English as a foreign language (EFL learners) whose native language was Japanese.
Pronunciation data comprised learners pronunciation of English sentences as well as the time required for learners to pronounce each sentence and learners confidence in their pronunciation of the sentence. Writing data comprised English sentences written by learners as well as the time required for learners to write each sentence and learners confidence in the correctness of the written sentence. Listening data comprised learners comprehension rate of the listening, and their confidence in their understanding of the sentence. Reading data comprised reading time, their comprehension rate of the text, and their confidence in their understanding of the sentence.
In addition to introducing this learner corpus, this paper presents one application of the corpus for the development of a readability formula using reading data. Because this learner corpus clarifies how learners at beginner, intermediate, and advanced levels read English sentences in terms of confidence, it is possible to construct a readability formula that can measure sentence readability for learners at different proficiency levels.
One practical reason to develop a readability formula for different proficiency levels is to aid foreign language learning. EFL learners can obtain authentic materials via the internet in order to increase their linguistic and sociocultural knowledge of English; however, authentic materials are often inappropriate for learning, as some are difficult while others might be easy. By using a reading formula proficiency level, it is possible to identify more appropriate learning materials.
One of the aims of foreign language learning research is to examine the linguistic properties of learners with respect to reading, that is, which linguistic features place a burden on learners. Because the present readability formula was constructed using multiple regression analysis, the effects of linguistic features are observable based on the values of the coefficients of the linguistic features used as the explanatory variables for explaining the objective variable of the readability.
The sentence readability formula was approximately 65% effective in predicting readability assessments by EFL learners. The adjusted R-squared values were 0.67 (p < .001) for the beginner level, 0.68 (p < .001) for the intermediate level, and 0.63 (p < .001) for the advanced level.
Related Studies

Learner corpus
The linguistic domains included in previous learner corpora (Izumi, Uchimoto, & Isahara, 2004; Wen, Liang, & Yan, 2008; Granger, Dagneaux, Meunier, & Paquot, 2009; Yasuda, Kitamura, Yamamoto, & Yanagida, 2009; Meurers, Ott, & Ziai, 2010) are summarized in Table 1 , where the relevant linguistic domains are marked with asterisks. The data elements of the previous learner corpora are summarized in Table 2 , where the relevant data elements are marked with asterisks. More specifically, these learner corpora (Izumi, Uchimoto, & Isahara, 2004; Wen, Liang, & Yan, 2008; Granger, Dagneaux, Meunier, & Paquot, 2009; Yasuda, Kitamura, Yamamoto, & Yanagida, 2009; Meurers, Ott, & Ziai, 2010) focused on linguistic data showing linguistic output; only one corpus (Yasuda, Kitamura, Yamamoto, & Yanagida, 2009) included linguistic data showing mental language processing. Linguistic output data indicate the precision of language use, such as correct usage of expressions, whereas mental language processing data indicate the efficiency of language use, such as processing speed and load. The mental language processing data of included in the corpus (Yasuda, Kitamura, Yamamoto, & Yanagida, 2009 ) clarified the efficiency of sentences by asking for a subjective judgment of confidence on the precision of their sentences. Thus, the more confident a language learner is with respect to the precision of a sentence, the more efficient the sentence is assumed to be. The learner corpus (Izumi, Uchimoto, & Isahara, 2004) includes speaking data from interview tests with EFL learners. The corpus data comprise sentences transcribed from speech sounds, but not recordings of the actual speech sounds. Hence, this corpus is useful for the analysis of errors in expressions. The first language of the EFL learners in this corpus is Japanese.
The learner corpus (Wen, Liang, & Yan, 2008) includes speaking and writing data from speaking and writing tests taken by EFL learners. The speaking tests comprised multiple sub-tests, such as retelling, monologues, and role-play conversation tests. The writing tests comprised argumentative essay and narrative essay tests. The corpus data comprise speech sounds, sentences transcribed from the speech sounds, and written sentences. Thus, this corpus is useful for the analysis of errors in expressions and pronunciation. The first language of the EFL learners in this corpus is Chinese.
The learner corpus (Granger, Dagneaux, Meunier, & Paquot, 2009 ) includes writing data from essays written by EFL learners. When writing essays, the EFL learners were allowed to use dictionaries and grammar books. The corpus data comprise sentences written by the EFL learners for the essays; the length of the essays ranged from 500 to 1,000 words. The EFL learners in this corpus have a variety of first languages, including Bulgarian, Chinese, and Japanese. This corpus is useful for the analysis of errors in expressions and for comparative analyses of EFL learners with different first languages.
The learner corpus (Yasuda, Kitamura, Yamamoto, & Yanagida, 2009 ) includes writing data from translations of Japanese sentences into English by EFL learners. When translating, the EFL learners were prohibited from using dictionaries and grammar books. The corpus data comprise translated sentences and subjective judgment scores for each sentence. Hence, this corpus is useful for the analysis of errors in expressions and for analysis of the regarding the precision of sentences. The first language of the EFL learners in this corpus is Japanese.
The learner corpus (Meurers, Ott, & Ziai, 2010) includes reading and writing data from reports written by learners of German in the United States. The corpus data comprise written sentences and, indirectly, information on learners reading comprehension, which can be measured by evaluating to what extent learners comprehended the reading materials based on their reading reports. Thus, this corpus is useful for the analysis of errors in expressions, for the analysis of reading ability, and for the analysis of the relationship between writing and reading abilities. Ozasa, Weir, & Fukui (2007) proposed a text readability formula for EFL learners based on word and sentence length, as well as features derived from linguistic analyses such as the difficulty of words and idioms. Their formula reached a contribution rate of 41.2% (R 2 = 0.41) when applied to the readability of textbooks for EFL learners.
Readability formula
Another text readability formula for EFL learners was proposed by Petersen & Ostendorf (2009) . Their formula determined text readability (1-4) based on linguistic features such as n-gram language models and the results from another readability formula (Flesch-Kincaid readability). Their formula reached a contribution rate of 43%.
Learner corpus
Design
The target learners are university-level EFL learners whose native language is Japanese. In Japan, students study English for at least three years in junior high school.
The corpus data cover the language use by EFL learners with respect to pronunciation, writing, listening, and reading. The pronunciation data comprise speech sounds pronounced by EFL learners, the learner s pronunciation time, and the learner s subjective judgment of pronunciation difficulty. The writing data comprise sentences written by learners, the learner s writing time, and the learner s subjective judgment of the fluency of the written sentences. Listening data comprise the learner s comprehension rate and subjective judgment of listening difficulty. Reading data comprise the learner s comprehension rate, reading time, and subjective judgment of reading difficulty. Learner subjective judgments were scored on a five-point scale. The scales for pronunciation difficulty, listening difficulty, and reading difficulty were as follows: 1, very easy; 2, easy; 3, moderate; 4, difficult; and 5, very difficult. The scale for writing fluency was: 1, very confident; 2, confident; 3, moderate; 4, unconfident; 5, very unconfident. Subjective judgment-based judgment, which is essentially based on think-aloud methods (Lewis, 1982; Van Someren, Barnard, & Sandberg, 1994) , has been reported to be valid (Gass, 1994) .
Materials for pronunciation, listening, and reading data were extracted from news broadcasts. Materials for writing data were questions for answering and pictures for describing. We chose the materials that covered familiar topics and used everyday language in order to minimize non-linguistic aspects such as background knowledge. Hence, the topics selected for use from the news broadcasts were general news topics and the topics related to university life. The topics for the writing data were related to
Procedures
Ninety EFL learners took part in the data compiling (48 males, 42 females; mean age, 21.6 years old; age range, 19-40 years old). They were university students in Tokyo, Japan. Their practical experience ranged from 53 months to 216 months. The learners were paid for their participation. The EFL learners submitted their scores on the Test of English for International Communication (TOEIC) taken within 1 year before the start of data compilation. On the basis of their TOEIC scores, learners were classified into three proficiency levels: beginner (N = 30; TOEIC score range, 280-495), intermediate (N = 30; TOEIC score range, 500-725), and advanced (N = 30; TOEIC score range, 730-985) levels.
Data compiling proceeded in the following order: listening data, reading data, pronunciation data, and writing data. For the compilation of listening data, the EFL learners listened to four news articles being read by native speakers of English sentence-by-sentence, and they judged the listening difficulty for each sentence after listening to the sentence. When they finished listening to an article, learners answered five comprehension questions. Learners were not allowed to listen to the sentences again. For the compilation of reading data, the EFL learners silently read four news articles sentence-by-sentence, and judged the reading difficulty of each sentence after reading the sentence. When they finished reading an article, learners answered five comprehension questions. Learners were not allowed to read the sentences again or to use a dictionary. For the compilation of pronunciation data, the EFL learners pronounced sentences extracted from four news articles sentence-by-sentence, and judged the pronunciation difficulty of each sentence after pronouncing the sentence. No comprehension questions were asked, as the articles used were same as those used for the reading data in order to allow the learners to focus on pronunciation. For the compilation of writing data, the EFL learners wrote sentences describing pictures and answering questions. Learners were instructed to write at least five sentences describing one picture, and to write one sentence in response to one question. After writing each sentence, the learners judged the fluency of their written sentence. Learners were not allowed to rewrite a sentence after moving on to another sentence, or to use a dictionary. News articles used for the pronunciation, listening, and reading data were taken from Voice of America (VOA) (http://www.voanews.com). The length of the articles was approximately 350 words (within plus/minus 5%). For each article, the authors drafted five comprehension questions following the format used by Nation & Malarcher (2007) .
In the writing data, the EFL learners described the pictures (Hughes, 2003) shown in Figure 1 , and answered questions for learner profile and (Ehrman, 1996; Eignor, Taylor, Kirsch, & Jamieson, 1998) . The corpus data were collected using an in-house computer program, which has two primary functions. First, the computer program displays the test materials, such as news reports, comprehension questions, pictures, and questions. The EFL learners then click on the relevant icon buttons to move on to another sentence, to choose a subjective judgment score, and to answer comprehension questions. Then, the computer program records the time required to complete the tasks for each sentence, the subjective judgment score selected by the learners and their answers to multiple-choice questions, and sentences input by EFL learners.
The corpus data for the pronunciation task were collected in a recording booth, which was a sound-attenuated chamber (width, 1700 mm; depth, 1900 mm; height, 2100 mm) . The EFL learner stood in the booth and pronounced sentences into a unidirectional electric-condenser microphone mounted on a stand placed in front of the mouth. The pronounced speech sounds were recorded on a solid-state stereo with a sampling rate of 44.1 KHz and a quantization level of 16 bits.
Sentence readability formula
Method
The proposed formula was constructed using stepwise multiple regression analysis. The explanatory variables were linguistic features, as described in Section 4.2, and the objective variable was the sentence readability manually assigned by an EFL learner, as described in Section 4.3.
Linguistic features
Syntactic complexity is an important criterion for determining the sentence readability, that is, syntactically more complex sentences have lower readability. When a sentence consists of many different kinds of words according to POS (part-of-speech), the sentence should have a complex syntactic structure (Wolfe-Wuintero, Kim, & Inagaki, 1998) .
The proposed formula used linguistic features specified by a computational linguistic analysis tool, POS Tagger and Chunker (Nagata, Kakegawa, Sano, Yabuta, & Kawai, 2008) . The linguistic features included the number of sentences, the number of words, and the number of linguistic elements such as coordinating conjunctions, cardinal numbers, and determiners. Table 3 shows the linguistic features used in the proposed formula, along with brief descriptions. 
Variables
The proposed formula was constructed with linguistic data taken from our learner corpus in which the 90 EFL learners judged sentence readability on a 5-point Likert scale: 1, very easy; 2, easy; 3, moderate; 4, difficult; or 5, very difficult. They were instructed to read as fast as possible during the allotted time period (13 minutes per text) and to stop working either when they were finished reading and answering the questions, or when the experimenter told them they were out of time.
The objective variable for multiple regression analysis was the mean sentence readability as evaluated by the 30 EFL learners at each proficiency level: the beginner level, the intermediate level and the advanced level. The mean sentence readability as evaluated by EFL learners (EFL_SR i ) was calculated for each sentence with Equation 1, where sr i,j represents sentence readability as judged by EFL learners j (j = 1, 2, 30), for a sentence i (i = 1, 2, ...80), and n learner (30) represents the number of EFL learners j . The 80 sentences were taken from four articles on the VOA website, as described in Section 3.2. (1) Table 4 summarizes the properties of the news articles, including their titles, total length, mean sentence length and standard deviation (SD), and length of both the shortest and the longest sentences. The mean length of sentences in the editorial section was longer than that of the sentences in the special section, which suggests that sentence readability was therefore lower in the editorial section.
In order to assess the validity of the training data, we examined whether the EFL_SR i data properly reflected the proficiency levels of the EFL learners. The EFL_SR i of the beginner-level EFL learners was expected to be the lowest. Table 5 lists the mean, SD, minimum (Min) and maximum (Max) EFL_SR i for all proficiency levels. A significant difference was seen among the three levels using the ANOVA (analysis of variance) t-test (F (2, 237) = 55.85, p < .001). The post-hoc Tukey HSD (honestly significant difference) test showed significant differences (p < .001) among the three levels. Therefore, the validity of the training data was confirmed. 
Result
Stepwise multiple regression analysis was carried out in constructing the proposed formula. The linguistic features were used as explanatory variables and EFL_SR i was used as the objective variable, as described in Section 4.3. No multicollinearity was found among the explanatory variables (1.18 < VIF (variance inflation factor) < 5.75.
The readability formula predicted 66.9% of EFL_SR i (adjusted R 2 = 0.67, F(75, 4) = 40.9, p < .001) for beginnerlevel EFL learners. For the intermediate level, the formula predicted 67.8% of EFL_SR i (adjusted R 2 = 0.68, F(75, 4) = 42.7, p < .001). For the advanced level, the formula predicted 63.2% of EFL_SR i (adjusted R 2 = 0.63, F(76, 3) = 46.3, p < .001). The significant variables (p < .001) are summarized in Table 6 , where the relevant variables are marked with asterisks. 
Discussion
Since the present sentence readability formula was approximately 65 % effective in predicting the readability as evaluated by the EFL learners, we consider that the reading data used in our learner corpus is valid as a language resource for studying the reading ability of EFL learners. However, problems in the proposed readability formula remain.
The experimental results showed that sentence readability was significantly affected by the number of words, that is, longer sentences had lower readability, which is also makes sense intuitively. Further examination of the results showed that the readability formula yielded inconsistent results for Sentences 1 and 2 in Table 7 ; the formula judged Sentence 1 as easier to read than the EFL learners did, while the formula judged Sentence 2 as more difficult than the EFL learners did.
Sentence 1 is the last sentence of the article Ending Impunity in the Congo shown in Table 4 . Although this sentence is short (12 words), the readability as assessed by EFL learners was low due to the position of the sentence in the article, and the readability formula did not take this factor into account. Similarly, the prediction for Sentence 2 can also be explained by the sentence position. Sentence 2 is the 14th sentence in the article able 4. Even though this sentence is also short (15 words), the readability as assessed by EFL learners was high. These findings suggest that the readability formula must take into account the position of the sentence in the article when weighting the readability for EFL learners. (2) At the end, the students all took part in a discussion led by the teacher.
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Conclusion
The present study introduced a learner corpus that can be used as a language resource for examining the linguistic abilities of EFL learners in the pronunciation, reading, listening, writing domains, and proposed a sentence readability formula as one application of this corpus.
The experimental results showed that the sentence readability formula correctly predicted sentence readability (adjusted R 2 = 0.63-0.68, p < .001). This result supports the validity of the reading data in the learner corpus.
